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Introduction 53
Adapted to persist in healthcare settings, Acinetobacter baumannii is one of the most successful 54 pathogens in causing nosocomial infections, from respiratory diseases to bacteraemia and 55 meningitis (1) . It is often isolated in Intensive Care Units (ICUs) where its frequent resistance to 56 carbapenems limits treatment options, increasing the risk of adverse outcomes for patients (2). The 57 ability to survive in the environment and to acquire resistance determinants also allowed A. 58 baumannii to become one of the most frequent causes of hospital outbreaks among Gram-negative 59 pathogens (3, 4) . 60 In recent years, several typing methods have been used to recognise distinct clonal lineages of A. 61 baumannii during hospital outbreaks. The newer WGS-based methods, characterized by a higher 62 discriminatory power, are now replacing standard approaches such as the traditional MLST and 63 semi-automated repetitive extragenic palindromic-PCR (rep-PCR, DiversiLab) (5-7). Some studies 64 carried out to investigate the epidemiology of Carbapenem-Resistant (CR)-A. baumannii outbreaks 65 have shown that the WGS-based method known as core genome MLST (cgMLST) demonstrated 66 good typing ability by extending the traditional MLST concept to the entire genome, thus offering 67 additional information on genetic diversity (8-10). This method has been used for several bacteria 68 causing outbreaks including, among others, Klebsiella pneumoniae, Neisseria meningitis and 69 Listeria monocytogenes (11) (12) (13) . 70 In this paper, we describe the use of the cgMLST technique to investigate an outbreak of CR-A. 71 baumannii occurred in the intensive care unit (ICU) of our hospital. Between December 2016 and May 2017, we analysed strains of CR-A. baumannii isolated from 7 76 critically ill patients treated in the ICU of the "L. Spallanzani" hospital in Rome, Italy, to 77 investigate a potential clonal spread. According to the hospital's surveillance programme aimed at 78 detecting carbapenem-resistant bacteria, rectal swabs were taken from all patients upon admission, 79 and then once weekly for the entire duration of their stay. The isolates included in this study were 80 obtained from these surveillance samples as well as from infection sites. The strains were 81 characterized using the typing methods described below, and their profiles were compared with 82 those belonging to the Global Clone 1 and 2 (GC1 and GC2), which are dominant in Europe (14).
83
Epidemiological data, including time of infection and transfer to other wards, movements of 84 patients within the ICU and rooms occupied, were extracted from hospital records. Samples were cultured on a selective medium designed to screen for carbapenemase production 88 (chromID CARBA, bioMèrieux, Marcy l'Etoile, France); species identification and antimicrobial 89 susceptibility were obtained by the Vitek-2 system (BioMérieux). As per EUCAST 90 recommendations, MICs for tigecycline and colistin were confirmed by Etest (BioMérieux) and 91 microbroth dilution methods (UMIC, Arnika Biocentric, Bandol, France), respectively (15).
93
Rep-PCR 94 The UltraClean Microbial DNA Isolation Kit (Mo Bio Laboratories, Carlsbad, CA, USA) was used 95 for genomic DNA extraction, and molecular typing by rep-PCR was performed as previously 96 described; (16) results were analysed using the 2100 expert software. The presence of clusters was 97 investigated by Pearson's correlation coefficient and the unweighted pair-group method using 98 average linkages (UPGMA). The guidelines followed for strain-level discrimination were those 99 provided by the manufacturer: strains were considered as indistinguishable in case of a >97% 100 similarity (no differences in fingerprints), as similar for a >95% similarity (1-2 band difference in 101 fingerprints) and different if the similarity was <95%. The optimal cut-off chosen for cluster 102 definition was 95% (6 Higg12). The Global Clones 1 and 2 were included in the analysis. 
106
Sequence data for all strains were obtained by the Illumina MiSeq System with 250-bp paried-end 107 reads; DNA libraries were prepared using a Nextera XT DNA sample preparation kit (Illumina, San 108 Diego, CA, USA), according to manufacturer's instructions. Raw sequence data were submitted to 109 the Sequence Read Archive (SRA) ( Table 1 ). Sequence quality trimming was carried out as isolates, compared to the reference strain. The resulting set of target genes was then used for 120 interpreting the clonal relationship displayed in a minimum spanning tree (MST) using the 121 "pairwise ignore missing values" parameter during distance calculations.
122
In accordance with other studies, we decided to set the cluster definition threshold at a maximum 123 difference of 12 alleles in a pairwise comparison (8, 9) . Results and discussion 131 Of the 13 isolates studied, nine were cultured from clinically relevant samples, and the remaining 132 four were obtained from rectal swabs. Only the first two isolates from each patient were included in 133 the analysis, with one exception (Patient 1) for whom only one strain (isolated from a 134 bronchoaspirate 17 days after admission) was available. For patients 3, 5 and 6, the second isolate 135 was collected once the patient had been transferred from the ICU to a clinical ward. Two of the 7 136 patients, (1 and 4) were colonised prior to ICU admission, as determined by their positive rectal 137 swabs ( Table 1) . two clusters types (CT-1 and CT-2) differentiated by only 17 allelic differences, where the 157 traditional methods described above had highlighted only one (Figure 1 ). Nine isolates grouped 158 within CT-1, (AC1 from P-1, AC2 and AC3 from P-2, AC4 and AC5 from P-3, AC8 and AC9 from 159 P-5 and AC10 and AC11 from P-6), while 4 strains isolated from 2 patients (P-4 and P-7) gave rise 160 to CT-2 (AC6, AC7, AC12 and AC13). The strains within each cluster showed a very high level of 161 correlation; both clusters displayed a good similarity with GC2 (up to 252 differences), and only a 162 distant correlation with GC1 (>2000 differences) (Figure 1 ).
163
The presence in each cluster of a patient colonised prior to admission (patients 1 and 4), and the fact 164 that the same clones were later found in other patients treated in the ICU, suggested that two distinct 165 transmission events occurred. To support this hypothesis, hospital records were studied to determine Every effort was made to contain the outbreak and our continued surveillance showed, to this day, 182 no further cases either in the ICU or in the clinical wards where the patients were later transferred.
183
In conclusion, our data are in agreement with other recent reports (8, 9) that highlight how WGS-184 based methods such as the cgMLST represent reliable techniques that will likely become the gold 185 standard for strain subtyping in support of epidemiological investigations. CT-1 CT-2 Figure 1 . Minimum spanning tree based on cgMLST analysis of 13 CR-A. baumannii isolates (AC1 to AC13) and Global Clones 1 and 2 strains (GC1 and GC2). Each circle represents an allelic profile, i.e. genotype, based on sequence analysis of up to 2,690 target genes. The numbers on the connecting lines illustrate the numbers of target genes with different alleles.
Cluster types (grouped together in the dotted ellipses) consist of closely related genotypes (≤12 allele differences) and are numbered consecutively (I and II).
